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FACTORS AFFECTING PHOSPHORUS 
FIXATION IN SOILS 
INTRODUCTION 
1 
Phosphorus fixation in ao11 is of coneiderable agronomic im-
ports.nee because it ai'feots the utilization of soluble phosphorus 
fertili~er s by plants. The determination of the readily available 
phosphorus in soil has been investigated by many soil chemists . It is 
a well known raot that soluble phosphates in fertilizers , when ad"<ied 
to the soil, become relatively insoluble and only very small quan.titiea 
are lost in drainage water. Soils :may show a deficiency in soluble 
phosphorus althou&h the total phosphorus in the soil is very high. On 
some soils phosphorus fertilizers are applied each year in amounts which 
are greater than the crop will remove from the soil that year. The 
residual effect on the following crop will depend upon the degree of 
fixat~on by the soil. There are many factors which affect the fixation 
of the phosphorus such as calcium, iron, and aluminum minera.lsJ kind 
and a.mount of phosphorus appliedJ time,. temperature, and concentration 
' 
of solution; ratio of soil to solventJ the reaction of the soil ,. t.c1e 
organic matter content. the silioasasquioxide ratio and the exchange 
capacity. 
The experiment was undertaken to develop a simple method for the 
determination of phosphorus fixation and to study some of the factors 
effecting the absorption of phosphorus by soil since a knowledge of 
fixation is necessary in the intelligent use of fertilizers with respect 
to amount,. kind and most effective placement of the phosphate . 
2 
REVIEW OF LITERATURE 
The form in whioh phosphates are fixed in the soil depends muoh 
upon the abundance of the different materials in that soil capable of 
fixing phospho.rus. \~ck (15) pointed out the fact that phosphate 
fixation in soils may be purely chemical, the phosphorus taking the form 
of slightly soluble mineral phosphates or it may be of a biological nature 
in which the phosphorus exists, first as living and later in the organio 
matter resulting from the death and partial decay of micro-organisms . 
11.t>ci.1'\~ ~ 
Phosphorus is fixed in the soil through reactions with active calcium, 
$>,.u.(-- ~~ 
iron. or aluminum and these elements may be regarded as active when they 
O .J c~~ 
.... ~  IJ 
unite chemically ~~th the phosphorus . Active calcium may be present in 
--------
the soil in the e~hange~ble form as calcium carbonate, or any soluble 
calcium salt. Active iron and aluminum are believed to exist in the 
\ soil largely in the forms of the hydrated oxides . 
-
Heck (12., 14, and 15) further states the.t the fixe.tion or phosphorus 
; 
as iron or aluminum phosphat-es does not necessarily depend upon iron or 
aluminum in the soil solution, but rather upon the state of hydration of 
the oxides. If the iron oxide is fully .hydrated the normal phosphate 
may be formed. 
2 Fe ( OR) + 2 H PO ~ 8 FePO + 6 H 0 
3 3 4 4 2 
Ford (8) states- that the dehydration of limonite by heating produced 
hematite, and this destroyed its fixing power, but limonit~ fixes phosphorus 
in a very stable form and is very reactive. The amount of limonite present 
in different soils is believed to vary greatly and it will persist in 
soils if it is once formed beoause soil temperatures are not high enough 
to dehydrate the limoni te. Hibbard (16) a lso confirms the statement that 
the fixing power of eoila for pho•phate correlates with the amount of 
hydrated iron oxide. 
If the ratio of active calcium to active iron and aluminum is high 
the fixation will be more in the calcium form, but if the ratio of acttve 
iron and aluminum to calcium is high the fixation will be more in the 
iron and aluminum form. The calcium form is more soluble than those of 
iron or aluminum. and in general , the more soluble the phosphate used. 
the more rapid is its rate of fixation. 
Fraps (10) found that fixation occurs in the presence of 0.2 normal 
nitric acid, that this fixation is roughly proportional to the total iron 
and aluminum oxides, and that soils containing over ten per cent of' these 
oxides absorbed over fifty par oent of the phosphorus added. He states 
that probably only & small percentage of the oxides of iron and aluminum 
in the soil have high fixing power. 
-
Truog (27) states that, since phosphorus is fixed in soils to some 
extent in forms very difficultly available to plants and at least a 
portion of' the phosphorus in the preoipita.ted ferric and aluminum phosphates 
is available to plants. it seems that phosphorus must be fixed in the 
soil in forms leas available than ordinary precipitated ferric and aluminum 
."-
phosphates. Doughty (6 and 7) has shown that tri-caleium phosphate is 
formed at pH 1.0 and does not hydrolyze at a higher pH, but f erric and 
aluminum phosphates hydrolyze at a reaction range of pH 6.0 to 1.0. re-
leasing phosphorus to the soil solution. 
THE EFFECT OF HYDROGEN ION CONCENTRATION 
The concentration of hydrogen ions in soil exerts a strong influence 
on phosphorus fixation since phosphates of calcium and magnesium e.re 
easily· soluble below pH 7.0 but iron and aluminum phosphates are not 
4 
appreciably soluble above pH or s.o. Hibbard (16) states that the iron 
and aluminum in soil colloids may fix phosphorus at pH values ranging 
from. 3.-0 to a.o# but above pH 8.0 they may hydrolyze to form the soluble 
phosphate salt. 
The condition of acidity or alkalinity of the soil is influenced 
by the nature of the reaction equilibrium that takes plaee between the 
phosphate ions and the soil bases. Beater (2) states that the effect 
of pH may not be looked upon as a dominant factor . A large excess of 
active iron snd aluminum is believed to overshadow the influence of other 
factors in determining the products of the chemical action. Soils high 
in alkalinity usually contain calcium which reaets with t he soluble 
phosphates. In aoid soils calcium is low and the phosphorus combines 
with iron or aluminum. In general it may be said then that fixation 1n 
acid soils 1a of a more permanent nature than that in alkaline soils. 
The order of stability of the three oompounds. ca3(P04 )2, FeP04• and 
AlP04 varies directly with the pH value+ 
Pugh (20) states that calcium phosphate is insoluble within a pH 
ranie from neutral to strongly alkaline. while Brown (3) found that there 
was a far greater amount of available phosphorus at pH 7.9 than at any 
other reaction and explains this by the low solubility of iron and aluminum 
and the little free calcium at this reaction. Heck (12) quotes Gaarder•s 
finding that calcium phosphate is least soluble at pH 6 . 6. De.ughty (6) 
states that although the formation of iron, aluminum., and calcium 
phosphates will account for the fixation of phosphorus above pH 2.0 there 
is considerable fixation below this point. However., he does not explain 
the meohaniSlll of this fixation. 
Ravikovich (21 and 22) in comparing the fixing power of hydrogen 
soils and calcium soils found that, in all the established forms of ad-
5 
sorption for hydrogen soils, the amount of adsorbed phosphorus changes 
as the pH value of the solution changes but the changes in pH between 
slight acidity and high alkalinity exerts no influence on the phosphorus 
adsorbed by soils saturated or unsaturated with oaleium. to & certain 
degreeJ or by soil s in which the amount of exchangeable calcium exceeds 
the exchange capacity of the soil established at pH 1. 0 . 
Organic matter in soil as shown by Oberhali-er (19), and Gile (11 ) 
doea not affeot the ·availability of phosphates to any appreciable extent 
over and above its own phosphorus content. Daughty (7) concludes that 
soil organic matter as such has only a minor role, if any,. in the fixation 
of phosphorus in difficultly avail able form when soluble phosphate 
fertilizers are applied to the soil . Bauer (1) on the other hand found 
that decaying organic matter produced a solvent action upon rock phosphate 
and t his he believed was due to the action of t he organic acids produced 
in the deoox;position of organic matter. Ravikovich (21) states that the 
hydrogen and calcium organic exchange complexes possess practieally no 
properties of phosphate fixation. 
Soil colloids, according to Gile (11), cause phosphorus fixation. 
The effects of soil colloid on superphosphates seems to depend on several 
factors,. namely the degree to which the colloidal material is staurated 
with phosphoric acid., the silica-se·squioxide ratio of the colloid; the · 
effect of the colloid on the hydrogen.ion coneentre.tion of' the medium · 
and the content of organic matter. The efficiency of phosphorus fixation 
may be somewhat imperfect in some soils due to the contamination of the 
non-colloidal fraction with copper or other heavy metals that might be 
in the soil. The effect of the phosphate fixation in surface and sub-
surfaoe soils correlates fairly well with the silica- sesquioxide ratio 
of the colloids present. Soils containing colloids with a high silica-
6 
sesquioxide ratio have low fixing power while those soila eontaining 
colloids with low silioa-sesquioxide ratios have high phosphorus fixation. 
Gile (11) also states that the precipitation of ions from solution may 
play a part in the depressing effeot of some colloids. Probably most 
of the e:ffaet is due to combination of the PO 4 ions with the iron and 
allUllinum in the expoaed surface of the soil colloids . 
Scarseth and Tidmore (24) also found that the fixiRg power of soil 
colloids varies inversely as the SiOz ratio of the colloid . They state 
11203 
that the pH of colloids varies directly with the base exchange capa.oi ty 
of the colloid. 
Ra:vikovitoh (21 and 22) in his work deals with phosphorus fixation. 
not £ram the chemical side. but from the field of physico- chemioal re• 
actions. He has established that the adsorption of phosphate ions proceeds 
on the basis of an equivalent exchange with the exchangeable anions of 
the soil complex. The adsorbed phosphate ions may reappear in the solution 
when they come in. contact with other anions. and the liberation of the 
phosphate ions should prooeed on the same principal of anion exchange 
whioh took pl.ace when these ions entered the complex. The hydroxyl ions 
are the most effective anions in phosphate replacement. In his experiment 
the existence of the different forms of adsorption is connected with the 
phenomenon of adsorption of phosphate ions with other ions of equivalent 
valences. In other words the adsorption of phosphorus by the soil complex 
procee.da on the principle of &n equivalent anion exchange. The amount 
of adsorption depends on the anion exchange oapaci ty .of the soil complex, 
which is equal to the base exchange capacity:, and on the valence of the 
phosphate ions which take part in the adsorption. 
Da.vis (5) states that the absorption of the phosphate by the soil 
minerals a.nd the formation of equilibrium complexes tak-e place in soils 
7 
artificially depleted of exchangeable bases, thus eliminating the 
possibility of cations of soluble salts present in the soil, or cations 
replaced from the soil by those present in the solution~ forming pre-
cip1 tate·s with the phosphate ion.s. 
Heck (13) states that soils from which exchangeable bases had been 
removed fixed more phosphates in the difficultly available form than 
did soils containing exchangeable bues and that the 1nerease was somewhat 
proportional to the exchangeable bases removed. Conversely, increased 
exchange capacity tends to decrease phosphate fixation provided that 
the proper degree of base saturation is maintained. 
Fraps (10) shows that temperature had little effect upon the fixation 
of phosphates in some soils,. but it had a very decided effect upon the 
fixation of phosphorus in others. He also states that i gnition of soil 
inoreases the fixing power in many cases. This , he explained, roay be 
due to the heat converting part of the carbonate of lime to calcium oxide 
which would unite more readily with phosphorio acid, or it may be in part 
probably due to changes in the activity of the iron and aluminum compounds . 
The effect of time upon the absorption of phosphates increases 
with the duration of contact. but generally, tho greatest percentage of 
phosphorus is fixed in twenty-four hours after it is placed in the soil. 
There is a tend.ency toward more complete fixation in the soil as the time 
of oontaot increases . All of the phosphorus should be fixed if given 
su££'1oiant time., provided there is enough fixing material in the soil to 
react with all of the phosphorus,. Hibbard ( 16) states that clay soils 
fix within a year all of the phosphorus added, whereas i n a 1:1 soil-
water mixture most of the fixation takes place in one hour. Scarseth and 
Tidmore (23) state that when very soluble phosphates,, such as mono- ammonium 
or mono-calcium. phosphates, are added to an acid soil,. the fixation of' 
phosphate ions takes place as rapidly as the phosphate is diffused 
throughout the soil ancl come.a in contact w1 th the colloids. The rate 
8 
of fixation is oona1dera.bly influenced by the ratio of soil to solution. 
Brown {3) showed that biennial surface applications of auperphosphate 
penetrat• not more than two or three i nohes and perhaps muoh less in 
sixteen years. Phosphate fixation under natural eondi tiona is a time 
r eaction and may proceed rapidly in some soils and slowly in others6 
but generally under normal field conditi ons equilibrium. is established 
in one to twelve months . 
A review of the procedures for studying phosphorus fixation in 
soil as au.ggeated by Gile (11) in which he compares the growth made by millet 
in pure quartz sand to the growth made in se.nd to which sufficient soil 
was added to supply 1 per cent of colloidal materialJ the method suggested 
by Fraps (9 and 10) in which he uses 50 grams of soil in contact with 200 
co. weak phosphate solution in a. dry bottle which wa.s well stoppered. 
The suspension was shaken eTery half hour during the working day and 
filtered at the end of 24 hours.. The method of analyaia was as follows: 
add 8 ec •. of nitric acid to 100 cc. of fil trate; neutrali.ze with axmnonia. 
acidify slightly with nitric acid, evaporate to about 75 cc., f ilter e.nd 
wash if necess.ary a.nd determine phosphoric acid by t he volumetric method. 
Heck ( 15) leached small amounts of soil with .002 normal sulfuric acid 
at the rate of 25 co. an hour. Beaters (2) treated the soil with citric 
acid and evaporated the solution to dryness in order to destroy the citric 
acid before the phosphorus can be determined in the r.esidue. These methods 
are all empirical and no one method has been generally or officially 
accepted as the best method to use in determininG degree of phosphorus 
fixation in soil. What is wanted is a method that will give reliable 
and reproducible results with least expense of time. labor. money, and 
equipment,. and a method that will correlate as closely as possible 
with the extraction of phosphorus by plants. Laboratory procedures 
9 
treat the eoil in a manner not posaible in nature consequently such factors 
as availability can only be determined by the analysis ot soils ta.ken 
from area.a where fertilizer tests have been conducted and a known 
response ha.a been secured. 
10 
EXPERD!ENTAL RESULTS 
The procedure worked out for this study is simple. convenient. and 
rapid.. It consists of adding O.l mgm. of P. as di ammonium phosphate 
to ten grams of soil and allowing the liquid to evaporate at room 
temperature. The temperature should range between 27 - 30 degrees eenti--
grade to secure rapid evaporation of t.11e water... The rate of evaporation 
ea.n also be hastened by passing an e.ir current over the soil by means 
of an eleotrio fan. In this experiment the time of drying 10 ml., of 
water f rom 10 grams of soil varied from twenty four to forty eight hours. 
The texture of the soil also is a factor in determining the time ot 
evaporation. After the soil is dry 1 t is pulverif,ed and pl aced in a 
leaching tube and le&ehed with 200 ml. of O.l normal acetic acid. The 
phosphorus in the filtrate is determined by the Deniges molybdenum 
blue method and the qu-anity fixed is determine-d by substraoting the 
amount in the filtrate from the total amount of phosphorus present in 
the solution which wae added to the soil. 
Soils differ greatly in their fixing power. High fixation may be 
expected in clay soils whereas in sandy soils the fixation is usually 
somewhat limited. 
The soils used in the present experiment were ta.ken from official 
soil survey samples selected from different parts of the state or Oklahoma . 
Table 1 gives t he general character of the soils used in the fixation 
experiments. Most of these soils are deficient in available phosphorus 
as determined by the 0.2 normal sulfuric acid method and the total phosphorus 
content was also relatively low. 
These samples were treated by the following method to study phosphorus 
fixation. Ten grams of air dry soil was placed in a 100 co. beaker and 
Table 1. Phyaioel and oheJ1tioe.l oharaoteriltics or aoila uai,d in the phoaphorua fixation experiment.., 
Soil MO• Countlea lffl.ere D&pth aupl.oa pH 
1721 
1,:-
1111 
112' 
17 
1186 
11 
11%8 
1641 
lM 
l&l3 
16'4 
1645 
1646 
1647 
1648 
1649 
1660 
693 
2695 
69$ 
2710 
2711 
2714 
2119 
,uiplee RN were taken ot 
oolleoted a oil 
UUrr&y 
1!'ft'y 
·~ 
.rn.y 
lmrn.y 
Muffll.1 
nay 
)ltt~ 
Ohoetaw 
Ohootaw 
Choctaw 
Chootaw 
Chootaw 
Choctaw 
Choctaw 
Chootaw 
Choetaw 
Choctaw 
Gre,r 
Greer 
Ol"Mr 
Greer 
Greer 
Gt-eer 
Greer 
SUrtaoe 
Subaul"t'aoo 
Sull'te.oe 
SUbluf'to.N 
Surf'aoe 
Subtul"i'aoe 
Stu"'face 
Sttbeurtaoe 
Surtaoe 
Suoautta.ee 
surtao• 
SUbnJ>taoe 
Surt&oe 
Subsurte.oe 
Sur.faoe 
SUb:surfe.oe 
Suri'aoe 
Subaut-tao 
11t" • 10" 
22" • 36" 
36"' 
O" ... 12" 
12" • 22" 
o .. - 12• 
12" .. 28" 
1.10 
e.,s 
a.oa 
e.11 
7.5 
s.90 
6.sa 
1.20 
e.21 
s.sa 
7.96 
6.49' 
a.a1 
e.12 
1.7 
s.es 
a.,1 
a.11 
7.45 
s.o 
a.56 
1.1e 
7.40 ' 
7..45 
7.44 
per oent per cent Pff cent per cent Total Ava.t lable 
eand dlt ole.y organ.ta p .• 1':,a. Phosphorus 
matter 1)$1' u~ P. p. it.• 
29,84 
1s.io 
00.00 
11.u 
l'T.8' 
22.20 
2&.ao 
28.80 
19-S5 
19.15 
21 .. 20 
2,.20 
11.98 
7,96 
S3e9·6 
41.96 
.u.s2 
M.96 
a3.a2 
19,S.2 
21.2, 
11.,s 
66-.96 
75,96 
76.24 
ts.oo 
49.86 
51.84 
32.$0 
u.1s 
47.,40 
as.to 
46 .. IO 
69.IS 
M.aa 
!1.12 
44.40 
49.ll 
sa.12 
,0.12 
39.72 
aa .. s& 
22 .12 
a,.10 
53.6ft 
47.36 
u,.50 
lS.40 
11.00 
9.56 
5,16 
32.44 
18.'4 
19.6' 
ao.aa 
31.-20 
11.40 
2a.oo 
21..tO 
26..te) 
41.60 
31,.40 
58.9, 
58.,92 
l€h,92 
18.32 
23.32 
22.12 
20,9! 
27.04 
31.40 
13.04 
19.90 
US.04 
15.40 
! .22 
2 .. ,a 
ld? 
2.10 
1.,:s 
1,32 
s.oa 
1.se 
2,47 
1.a1 
.e1 
, 31 
3.40 
s.af 
1.ss 
.sg 
2.s, 
1.10 
2.1.a 
1.54 
1.1s 
0 . 83 
1.92 
1.00 
o.63 
406 
:6 
rS 
320 
295 
avo 
75 
260 
,,a 
265 
130 
95 
715 
595 
245 
150 
396 
280 
610 
680 
4,8() 
soo 
MO 
160 
160 
18 
0 
a 
0 
18 
0 
' 8 
6 
a 
6 
l 
36 
18 
10 
6 
22 
6 
s 
3a 
Z2 
a 
0 
20 
' 
• Phoaphorua soluble in a l to 10 extraot of 0 .• 2 no~l sulfuric aoi d. .... 
.... 
Soil No. Countie1 where Depth, samples 
samples were Wf.'re taken 
oolleoted 
2720 Greer 28" • 50" 
2446 Craig 0 ... 1 
2448 Craig 6 - 13 
2452 Craig 0 - 11 
Table l (Continued) 
pH per cent per oent per cent per cent Total 
ot .eand. silt clay organio P. lbs. 
soil matter per acre 
7,.03 69 a.o 29.00 0.40 200 
a.oa 49 32.0 19.00 4 .18 1028 
s.s1 22.5 49.0 28.50 o.eo 732 
5.46 52.4 28.'36 19.24 4.08 892 
* Pho1phoru1 aoluble in a 1 to 10 extract of 0.2 normal sulfuric acid, 
.Anila.ble 
Phosphorus 
p . p . u. * 
0 
20 
0 
2 
..... 
N 
13 
10 cc. of solution containing O.l mgm. of p. as di ammonium. phosphate 
per oo. was added to each soil. At the same time 10 grams of each soil 
was treated with 10 co. of distilled water. These soils were dried at 
different temperatures as follows, room temperl'lture. which ranged from 
27 - 30 degrees c • ., 45., 8.0 and 110 degrees centigrade for a period of 
24 and 48 hours. The, phosphorus wa.s extracted from these soils with 
100 ml .. of 0.01 normal sulfuric acid whieh was agitating about every 5 
minutes for l hour., The soil suspension was f iltered and an aliquot of 
the clear solution was ta.ken and phosphorus determined by Denigea 
molybdenum blue method as modified by Truog (26). 
In order to compare the extraction method with the leaching method, 
5 grams of soil we.re placed in leaching tubes and leached with 200 ml. 
of 0.01 normal sulfuric acid solution. A similiar quantity of soil was 
axtr~oted for one hour with frequent agitation and the results of leach-
ing and shaking on the removal of easily soluble phosphorus from surface 
and subsurface soils are gi,-'Ven in table 2. These results agree with 
those obtained by Fraps (9) which show that phosphorus fixation occurs 
in the presence of 0.01 normal sulfuric acid~ They also show that the 
shaking method doee not remove as much of the added phosphorus as the 
leaching method. When a soil is leached a fresh solution is constantly 
coming in contact with the soil and the soluble phosphorus is carried 
a-way thus preventing repreeipita.tion. It is usually true that the 
readily available phosphates go into solution rapidly. At the end of 
one hour all of the readily available phosphorus has been dissolved 
except in those soils high in this nutrient. 
The effect of temperature on the absorption of phosphorus was 
studied by t he leaching method as described above. A solution of di 
ammonium phosphate was added to ea.ch sample and the soils were subjected 
14 
Table 2. Eff'iciency of shaking as compared with leaching on the removal 
of available phosphorus from son. The results are given in 
parts per million. 
J4 e th Gd 0 f Tr e a t me n t 
Soil Treatment 'a'.Eln'i ;e Leach!:§ No. n c u !i a :e r on mp er a :e u re • iP~. lm"l,. UlSl'Jt!. t!»"~. n5"e. IIl'l"~• 
1 1 hour 32.0 34.0 40.0 38.05 40.7 48.l 
1 24 hours .25.l 30.40 64.95 58.95 62.65 86.66 
1 48 hours 25.2 26.25 27 .95 60~0 M.l 93,.40 
2 l hour u.o 37.3 42.6 43.25 4-5.4 49.8 
2 24 houra 49.8 51.5 63.6 60..0 46.66 72.6 
2 48 houn '51 .8 55.9 58.8 66.6 70.83 81.46 
3 l hour 4.4 4.6 4.4 4.4 4.8 6.8 
3 24 hours 8 9 •. 6 11.a 6 .7 6.85 7.0 
:s 48 hours 5.6 6..0, a.o 6.8 6.4 10.6 
Table 3. Effect of Temperature on the Peroent&ge or Phosphorus Adsorbed 
from a Solution of Pi Ammonium Pho.phate. The results are 
given in parts per million. 
Incubation Temperature• 
Soil Treatment 
No. 
21¢-0 45°c BO'°C ll0°C 
1 Surface heated 1 hr. 32.0 32.0 34.0 40.0 
1 Surface heated 24 hre . 20.0 23.1 30.4 64 .95 
1 Surface heated 48 hrs. 24.0 25.2 26.25 27.96 
2 Surface heated l hr. 35.2 36.0 37.,3 42.6 
2 Surface heated 24 hrs. 48.2 49.8 61.5 53.6 
2 Surface heated 48 hrs. so .o 51.8 65.9 58.8 
3 Subsurface heated l hr. 4.4 4.4 4.6 4.4 
3 Subsurface heated 24 hrs. 8 8 9.6 11.a 
3 Subeur!'aoe he ted 48 hrs . 6.6 6.6 6.0 a.o 
15 
to the various temperatures. 27, 45, 80, and 110 degrees centigrade. 
The results are given in Tables. It was found that heating does not 
unif ormly affeot phosphorus fixation in soil. An increase in temperature 
from 45 to 80 to 110 degrees centigrade affects the percent fixed in each 
case. The number of samples studies was too limited to draw any definite 
conclusions, however it would appear that heating is not illlportant as far 
as fixation is eonoerned under field conditions. 
The percentage of absorption of ph~sphorua by soil was increased 
with the time of contact and there ia a tendenoy tOftrds more complete 
absorption as the time of contact inoreasee as shown in Table 3. The 
~reatest percentage of soluble phosphorus in most eases is fixed in the 
first twenty four houra e.f'ter it is plaoed in the soil. This is in 
accordance with the findings of Frapa (9)~ Searaeth and Tidmore (23) 
and Hibbard {16). 
Repeated wetting followed by drying is thought to render soil 
phosphates more insoluble. Results of an experiment to test this theory 
are given in Table fi. Duplicate samples of soil No. 1 and 4 were dried. 
in an oven at 45. so. and 110 degrees centigrade f.'or a period of 48 and 
168 hours. Di ammonium phosphate was added in solution to these soils 
before placing them in the oven. One of the samples remained in a dry 
condition after t he liquid evaporated and distilled water as added to 
the duplicate sample every day. An increase in the fixing power of these 
soils for phosphate ooeurred in all comparis-0ns except one when the samples 
which were moistened each day were composed with the dry samples. 
Ford ( 8) and Heck (12. 14 and 15) find the..t phosphates are fixed as 
iron and aluminum phosphataa . A study was made of the soluble iron in 
the aoil by the KSCN method (31 ) to find if there were any correlation 
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Table 4., Effect of Repeated Wetting and Drying on Fixation of Phosphorus 
Added to Soil. 
Soil Treatment of soil samples . 
No . 
l 
l 
l 
1 
4 
4 
4 
4 
Dry soil heated 48 hrs. 
Dry soil heated 168 hrs. 
Wet soil heated 48 hrs. 
Wet soil heated 168 hrs. 
Dry ,aoil heated 48 hrs. 
DryJroil heated 168 hrs. 
Wetr,?eo11 heated 48 hrs. 
Wet . soil heated 168 hrs. 
Inoubation Temperatures 
Parts per million of' p. recovered. 
103.3 
119.23 
82.7 
116.4 
59.l 
64.0 
61.1 5s., 
116.4 
100.0 
87.3 
so.o 
54.0 
56.4 
35.7 
51.7 
104.6 
109.9 
~n.1 
123.3 
so.o 
68.6 
65.5 
62 . G 
between soluble iron 1n o.05 normal HCl , a.nd the percentage of phosphorus 
fixed . The Si02 was determined by the molybdenum method (32) to see it 
phosphorus he.a been displaced by ailica. There is a correlation between 
the low silica and high fixing power of the soils but there are other 
£actor• which fix phosphorus besides the displacement by silica. The fix• 
ing capacity of the.ae soils, the parts per mi llion of silica displaced 
and t he parts per million of iron soluble in 0.06 RCl a.re recorded in 
Table 6. 
It' will be eeen from these data that there is no correlation between 
the percentage of phosphorus fixed and the solubility of iron in 0.05 
normal FCl. l'fhere the percent of soluble iron was hi&h the quantity of 
soluble silica was low. On the other hand :where the easily soluble 
iron wa.3 low silica was high . It seema probable~ therefore that there 
might be a. relation between the fixi~ oe.paci ty of t he soil and the 
ratio between soluble iron a.nd silica. 
The eff'eot of pH is thought to have a great influence on phosphorus 
fixation and pH determines the form phosphorus will be fixed i n the son. 
Figure No. l is a compari son between the pH ot the soil and phosphorus 
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Table 61t The Rele.tion Between Easily Soluble Iron, Soluble Silica in 
Surface., and Surface Soils ae Compared With Phosphorus Fixed. 
Soil No. % P. Fixed 
1721 41 
1722 67 
172~ 42 
1724 45 
172.5 36 
1726 25 
1721 66 
1728 70 
1641 45 
1642 70 
1643 75 
1644 90 
1645 46 
1646 67 
1647 100 
1648 100 
1649 39 
1660 24 
2693 Z3 
2695 72 
2696 78 
2710 100 
2711 98 
2714 90 
2719 90 
2720 86 
2446 90 
2448 98 
2452 54.5 
p. P• M. of Silica 
· Displaoed 
50 
40 
50 
46 
110 
65 
0 
10 
66 
55 
30 
30 
60 
75 
13 
10 
50 
40 
15 
50 
30 
24 
10 
-20• 
20 
60 
40 
-22 
80 
P. p. M. of Iron 
Soluble in o.os Ne Hel. 
15 
10 
10 
10 
10 
10 
25 
25 
15 
15 
25 
17.5 
10 
10 
105 
70 
50 
30 
10 
26 
40 
22.0 
280 
225 
225 
170 
195 
220 
1 
• The negative value ocoura because more silica. was obtained from the 
untreated soil than from the soil to which phosphorus was added. 
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absorbed. No correlation occured between the pH of the soil and the 
percentage of phosphorus fixed. 
The amount of phosphorus absorbed depends on the anion exchange 
capacity of the soil complex and on the valence of the phosphoric acid 
ions which take part in the absorption. The P04 combines with the soil 
colloids to form oompounde or complexes which results in a change in the 
composition and structure of the colloidal a.lumino silicate. A colloid 
was prepared by dispersing a clay soil in water then centrifuging to get 
the colloidal material .. This colloidal material was treated with hydrogen 
peroxide (30) to get rid of organic matter e.nd then with soidum sulfide 
and oxalic aoid to reduce and dissolve the iron. The base exchange 
material was washed with distilled water dried and the fixing capacity 
detennined as previously described and seventy-two per cent of the phosphorus 
was fixed by this material which did not contain any iron. The fixing 
capacity of this colloid is recorded in Table 6. It thus seems evident 
that there are agencies in the soil which fix phosphorus other than 
hydrated forms of iron oxide. 
Table 6 . Effect of' Purified Base Exchange Material on Phosphorus 
Fixation. 
p . p. M. of P. Added P.P.M. of P. 
Recovered 
100 30 
100 30 
P. P. M. of P. 
in Blank 
2 
2 
P. P. M. of p . Fixed. 
72 
72 
20 
A study of the percentage of clay in the soil and the phosphorus 
fixed is shown in figure 2. It is quite evident that no correlation occurs. 
But from the study of Table 5 there is more fixation in the subsurface 
soils than in the surfaee soils. There is a larger percentage of clay 
in the subaur£aoe soils. To study this Kirkland fine sandy 1 oam surface 
and subsurface soil samples_. which contained 2,.6% total iron in the sur-
face and 3.sfo in the subsurface was treated for seven days at temperature 
270 - so0 • 70 and 100 degrees centigrade. In Table 8 these results are 
recorded. It is quite evident that there is mo.re phosphorus fixed in 
tho subsurface soils than in the suface soils in all cases. 
Marshall (29) finds that clay minerals oan be classified according 
to lattioe type. There may be a lil or a 2:1 fixed lattio~ type in the 
different minerals which may be found in soils. Some investigations 
indicate that the Si02 - R2~ ratio is a.n important factor in phosphorus 
f'ixatio-n. In some of these oh.ya this ratio does not satisfactorily de-
fine the layer replacements and shows no simple relationship to the base 
e:Jtehange capacity. 
The fixing power of a number of materials other than soil is recorded 
in Table 7. Permuti te. kaolin and nmacovi t e fixed a high percentage of 
the soluble pho4phorus which 'Wa.8 not removed by leaching with 0.1 normal 
acetic acid. Results indicate that phosphorus may be fixed by subs-taneea 
other than iron. Anion exchange has" been ueed to explain the results 
which were aeoured .. 
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Table 7. Fixation of Phosphorus Added as Di A.mraonium Phosphate by 
Various Substances. 
S u b s t a n o e 
Permutite 
Kaolin 
Feldspar 
Pumice 
Muscovite 
• Through 100 me·sh sieve. 
Amount 
1n 
Grams 
20 
20 
20• 
20• 
20• 
Po4 in p . p. y . 
Added Fixed 
100 97 
100 80 
100 0 
100 35 
100 80 
. 
. . 
... 
.. 
. . 
•, 
. , 
. '' . . . \. . 
... 
.. 
. 
. . . 
... 
. . -•' 
. . 
.. 
. '. 
.. 
. 
. .. 
Table a. The Relation Between Fixation or Phosphorus by Surface and Subsurface Soil . 
I n o u b a t i o n T e m ~ e r a t u r e o t S o 1 l s 100° c ---~-·-·~~--- ~------------~-- ~-- "300 . -c . 
Daye Treated Surface Subsurface Surf'e.oe Subsurface Surface Subsurfa.oe · 
% of P.. Fixed % of p. Fixed % of p. Fixed 
1 76 94 73 95 70 96 
2 75 96 70 94 68 91 
3 49 96 54 93 66 85 
5 44 94 49 93 69 93 
7 48 93 51 91 51 90 ! 
2 ~ 0 t-< -3 
< -- § :-. 
Q) :~ :: ~ 
..; :;,,......4 c:--1' 
-~ :-. 
-,. ~~~ 3 ~ 
c.o .... ~ ;==: w ,-~ ~ :;... 
co ~< ~ ~ 
I 
t,.S 
~ 
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SUMMARY 
A study was made of different procedures for fixing phosphorus and 
the factors af'feoting phosphorus fixation. It was found that leaching 
remov~• more soluble phosphorus from a aoil than extraction by shaking. 
The method used in t his experiment of determining phosphorus fixation 
is rapid, convenient .• and very simple. 
It was found that heating does not effect the phosphorus fixed in 
soils uniformly, but an increase in temperature increases the per cent 
of phosphorus fixed. The absorption of phosphorus by soil increased 
with time of contact. Repeated wetting and drying makes phosphorus more 
insoluble. 
No correlation wa.s found between the pH of the soi l or the percentage 
of clay and phosphorus fixed. But there is a tendency f or subsurface 
·soils to fix more phosphorus than surfnce soils. As seen f rom Table 8 
the surface soil fixed only 76 per cent of the phosphorus added while 
the subsurface soil fixed 94 per cent of the phorphorus added. 
When the per cent of soluble iron. was compared with silica displaced 
and the fixing eapac i ty of the soil it wa& f c;..L;...! that the amount of iron 
was low when the amount of silica was high and it the phosphorus is not 
fixed as iron phosphates the phosphates are displaced by the silica. Other 
inorganic substances fix phosphorus, sueh as kaolin,, muscovite~ and 
permutite. These results may be explained by anion exchange. 
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